Abstract: Present study focuses on measurement, prediction and mapping of noise levels in important places of Vellore city located in Tamil Nadu state, India. Weekday and weekend noise levels at six locations (S1 to S6) are recorded during morning, afternoon and evening times. Sampling locations includes educational (S1), commercial (S2 and S4), tourist and recreational (S3), and mixed (S5 and S6) zones. Assessment in Vellore city showed maximum Leq level in S4 and S5 and lowest is recorded in S3 throughout the study. Highest Leq levels are recorded in evening (57.52-78.41 dB(A)) and afternoon (58.76-76.39 dB(A)) time during weekday and weekend, respectively. Along with Leq, noise descriptors are also included and discussed in this study. Weekend has higher mean value of TNI than Weekday. CoRTN model is employed to predict the L 10 values. Results showed good performance of model with marginal difference between measured and predicted L 10 levels. Further noise maps are created separately for weekday and weekend using ArcGIS software. Noise maps showed alarming noise levels near sampling sites and it is suggested to take immediate preventive measures using barriers or by providing alternative traffic routes.
Introduction
Indian urban population is experiencing higher noise levels due to unprecedented vehicle growth and rapid infrastructure development [60] . Increasing noise levels in Indian cities can be related to sources like vehicular traffic, construction activities, industrial processes, spiritual celebrations and occasional fireworks [25, 67] . Noise propagation is dependent upon the urban structure viz. street profile, location of roads, distance of buildings from roads, construction sites, shape of the buildings and its orientation [26, 37] . Thus, it is evident that environmental noise varies spatially in urban area [38] . Earlier studies have reported about 80% of environmental noise is contributed by traffic [21, 58] .
Globally in most part of urban centers, the noise sources are always close to receivers without any noise barriers. This leads to high level of noise exposure in the urban living community. The persistent higher levels of noise exposures are associated with physiological and other health effects [5, 7, 44] . Most common effects of ambient noise include interference in daily activities (sleep, speech, and work), annoyance, cognitive impairment, dementia, cardiovascular diseases, and respiratory diseases [4, 8, 10] . Noise pollution is found to be the major cause of environmental burden of disease next to air pollution [64] . Several studies are conducted earlier to assess the exposure and impact of noise on human health [19, 36, 48] . Some of the major findings are reported here. A very recent study by World Health organization (WHO) showed that 466 million people are suffering from disabling hearing loss at global level and in 2050 it is estimated about 900 million people i.e., 1 in every 10 people will be affected [65] . The total disability-adjusted life years due to ambient noise in European countries are estimated to be 1.6 million years [64] . European Environment Agency estimated the noise induced annual premature mortality to be 10,000 cases [20] . Whereas in the UK, the total cases attributed to noise-induced dementia, stroke and acute myocardial infarction are 1169, 788, and 542 cases. Also, monetary burden of all these cases is estimated to be 1.09 billion UK pound [27] . A recent study in Madrid, Spain observed that 1 dB(A) reduction in noise level would have avoided 184 premature respiratory deaths and 284 premature cardiovascular deaths [58] .
Several models are developed and employed for predicting noise levels in the urban area. Widely adopted models include CoRTN [16, 23] have showed best performance with minimal mean difference to measured values. Results from prediction models are extensively used for plotting noise maps and to compare the measured values. Noise map represent the noise levels in graphical format and is used frequently as a guide in urban noise management [3] . Noise mapping also helps in the estimation of environmental noise exposure in a particular location [11] .
The noise pollution (regulation and control) rules of India are published in the year 2000 by Ministry of Environment, Forest and Climate Change -Government of India. The rule directs the state government to categorize the area into silence, residential, commercial and industrial zones. Industrial zone has the highest noise limits of 75/70 dB(A) during day/night time followed by 65/55 dB(A) in commercial, 55/45 dB(A) in residential and 50/40 dB(A) in silence zone. The use of firecrackers, horns and construction equipment in night time are restricted in residential and silence zones. In addition to this, India has separate noise rules for vehicles, diesel generator set, fire crackers and air ports [15] . The noise limits specified by India are found to higher in all zones when compared with WHO noise guidelines [62] . European noise directive suggests dose-effect relations to assess human health effects. Further member states should create noise map for every five years to prepare the action plan [57] . In case of India no such rules exist for strategic noise mapping and assessing human health.
Although noise plays a significant role in environmental pollution, it has attracted very less attention in India. As per noise pollution (regulation and control) rules of India, the noise level in residential area should not exceed 55 and 45 dB(A) during day and night time, respectively. But recent noise level assessment in Indian megacities showed an average of 80 dB(A) [17] . Thus, it is clear that it is the right time for making amendments in noise limits and noise management plan. Before implementing the noise abatement plan, it is crucial to assess the noise levels [53] . Hence the study aims to assess ambient noise levels in Vellore city, one of the fast growing cities in Tamil Nadu, India. In addition to real-time noise level measurements, this study also evaluates the suitability of noise prediction model viz., CoRTN model. Further noise mapping is done by using ArcGIS software to estimate the environmental noise exposure levels in the study region.
Methods

Site Characteristics and Sampling Protocol
Vellore is one of the rapidly expanding Indian cites located in Tamil Nadu. As per the recent census report, Vellore urban agglomeration has a population of 4,84,690 lakh people in which the male and female population are 2,41,201 and 2,43,489 respectively [24] . The total number of commercial and non-commercial vehicles registered are found to be 2,021 and 24,452 respectively, between the year 2016 and 2017 [59] . Similar to other cities of India, the traffic in Vellore is mixed flow consisting of buses, trucks, cars, three-wheelers, and two-wheelers. Lane disciple is hard to follow in the city as the mixed traffic consists of vehicles traveling with different speeds and dimensions [6] . Sampling locations considered in this study are near Vellore Institute of Technology (VIT) (S1), near railway station (S2), Vellore fort (S3), new bus stand (S4), near CMC hospital (S5) and Gandhi Nagar (S6). All these six locations fall under following zones viz. educational (S1), commercial (S2, S4), recreational and tourist (S3), and mixed zone (S5 and S6). Location S5 consists of hospital and commercial zone whereas S6 has educational and residential zone. Sampling location coordinates and its respective zones are given in Table 1 . In the present study, Sound level meter (Make: BSWA Technology Co., Ltd; Model: 308 class I) is used for logging parameters such as equivalent noise levels (Leq), minimum level with A-weighted frequency response and fast time constant (LAF min ), maximum level with A-weighted frequency response and fast time constant (LAFmax), noise level exceeded during 10%, 50%, 90% and 99% of measurement period (L 10 , L 50 , L 90, and L 99 ). Noise measurements are carried out in weekday (Monday to Friday) and weekend (Saturday to Sunday) during different times of the day viz., morning (07:00-09:00 a.m.; 10:00 a.m.-12:00 p.m.), afternoon (12:00-04:00 p.m.) and evening (05:00-08:00 p.m.). Data is 
Calculation of Noise Climate, Traflc Noise Index, and Noise Pollution Level
Noise climate (NC) is useful for analyzing the variation of sound levels in a given time period and calculated by deducting L 90 from L 10 . Traffic noise index (TNI) is calculated based on the background (L 10 ) and highest (L 90 ) level recorded. The calculated TNI has a significant relationship with dissatisfaction of noise. Annoyance and discomforts such as sleep disturbance are accounted in TNI [30] . Noise pollution level (Lnp) is also calculated in this study. Equations for calculating NC, TNI, and Lnp are given in equations 1 to 4 [14, 28, 49] .
CoRTN Model
CoRTN model is adopted for predicting noise levels at S1, S2, S4, S5, and S6. [35] . Also, other correction factors viz., correction for the gradient, the angle of view, the distance between source and receiver, heavy vehicles related corrections are applied according to Vellore site conditions [46, 52] . Values assigned for each input parameters and the results of correction factors are given in Supplementary Table S1.
Noise Mapping
Noise map is a cartographic representation of noise levels in defined area and specified time. So far noise maps are created for residential, educational, hospitals, roadway, airport areas in urban environment [13, 22, 41, 56, 61, 68] . Noise maps are also used for various evaluation viz., noise levels during different levels of any construction project and impact of new roadways/highways within urban limits. Thus, noise maps serves as useful strategic tool for environmental management decisions and urban planning [12, 66] . Noise mapping for the present study is done using ArcGIS software (Version 10.1). Initially, the shapefile of Vellore city is created with the help of base map. This shapefile covers the important areas viz. residential, educational, commercial, and recreational places of the city. Then the excel file consisting of sampling points name, latitude, longitude, and average Leq values (morning, afternoon and evening of weekday and weekend) recorded at each sampling site are imported into ArcGIS. After importing, sampling points will be plotted on the Vellore city shapefile. Now the noise level is visible only at six sampling points. Hence to identify noise levels at other places, interpolation method is used in this study [31, 34] .
Results and Discussion
Vehicle Composition
Vehicle composition is studied in all places except S3. Since S3 is a recreational and tourist spot, all vehicles are parked outside the fort premises. In other sites video cameras are used to record traffic flow during morning (07:00-09:00 a.m.; 10:00-12:00 p.m.), afternoon (12:00-04:00 p.m.) and evening (05:00-08:00 p.m.) times. The recorded video is manually reviewed for quantifying traffic volume contributed by different type of vehicles viz., two wheelers (bikes and scooters), three wheelers (auto rickshaws), cars, mini vans, buses, trucks, and other vehicles (pickup vans and tractors). The vehicle composition in each sampling location is given in Figure 1 . Except S2, all other sampling spots are dominated by two-wheeler movements. S6 being mixed zone (residential and educational) has highest twowheeler movement in both weekdays and weekdays. Next to S6, site S1 has high two-wheeler movements due to presence of educational institution. It is also observed that twowheeler contribution is high during weekend than weekday. In S2, three wheelers (auto-rickshaws) contribute 52% and 46% of traffic volume during weekday and weekend.
The lowest three wheelers movement is recorded in S6 location. In other sampling locations (S1, S4 and S5) the three-wheeler contribution ranges from 15 to 35% in weekday and 15 to 26% in weekend. About 80% of traffic volume is contributed by two-wheelers and three-wheelers in all sampling points. Cars have substantial contribution of 8-13% in weekday and 10-16% in weekend to total traffic volume. Cars movement is more or less equal in weekend when compared to weekday. Locations S1 and S3 are identified with minimal truck movement whereas S2, S5 and S6 have no truck movement. Likewise, bus movements are identified in all locations except S2 location. Vehicles like minivans, buses, and trucks have minimum contribution to total traffic volume in all study locations.
Leq Levels Measured at Six Sampling Locations
Average Leq measured at six locations are given in Supplementary Table S2 . As per the Indian noise standards, measured values are segregated into four ranges viz. Range 1 (≤ 55 dB(A)), Range 2 (>55, ≤ 65 dB(A)), Range 3 (>65, ≤ 75 dB(A)) and Range 4 (>75 dB(A)). The percentage of measured values in each range for the corresponding location is given in Table 2 . Measurements in S5 and S4 showed that all values are exceeding 65 dB(A). In these sample places, it is also observed that more than 60% of measured values are >75 dB(A). Sampling stations such as S1 and S2 have 60-70% of their values in the Range 3. Locations S3 and S6 are the only two places recorded the values below 55 dB(A). Note: All values are in %, WD = Weekday, WE = Weekend
Figure 2: Leq measured during different times of the day
Vellore Fort has 35% and 30% of measured noise levels in Range 1 during weekday and weekend, respectively. Weekday and weekend noise levels at six locations are recorded during morning, afternoon and evening times. Average Leq levels recorded at each sampling sites are plotted in Figure 2 . In weekday morning and evening, the maximum to minimum average values are in the order of S5>S4>S2>S6>S1>S3. Same in weekday afternoon is found to have S5>S4>S2>S1>S6>S3. Further S5 and S4 are the two places recorded with highest Leq average values. In weekday, S5 place has maximum Leq in the evening (78.4±4.4 dB(A)), followed by morning (77.9±4.1 dB(A)) and afternoon (77.1±4.4 dB(A)). The measured values at S4 are close to the values recorded in S5. Except S4, all other sampling points are found to have the highest values in evening time.
During the weekends, the places with maximum to minimum average values for morning is observed in the order of S5>S4>S6>S2>S1>S3. In case of afternoon and evening the order changed to S5>S4>S2>S1>S6>S3. Similar to weekdays, S5 has maximum weekend average values of 75.3±4.4 dB(A), 76.3±4.6 dB(A) and 75.6±4.5 dB(A) in the morning, afternoon and evening, respectively. Sampling points S4 and S6 are recorded with maximum levels in the morning time. Same with S1, S2, S3, and S5 have high Leq values in the evening. The noise limits (for day time: 06:00 a.m. to 10:00 p.m.) as per Indian government in commercial, residential and silence zone are 65, 55, and 50 dB(A), respectively. It is observed that all the values from the present study have violated the Indian standard noise levels.
A study in the municipality of Malda, West Bengal, India recorded a maximum mean value of 44 dB(A) in residential, 52 dB(A) in commercial, and 57 dB(A) in heavy traffic congestion [17] . Average noise level in Santiago, Chile is measured in different road categories and it ranges between 61.2 and 73.3 dB(A) [53] . A similar study in Valdivia, Chile has maximum and minimum of 58.5 and 73.7 dB(A), Note: WD-Weekday, WE-Weekend respectively [9] . Leq measurements inside Greek hospital premises showed the values between 55 and 80 dB(A) [33] . Another study, developed in São Paulo, Brazil, found measured values of equivalent sound pressure level, similar to the equivalent sound levels measured in the present study [42] .
Statistical Analysis of Weekday and Weekend Data
The statistical tools available for mean tests are one-way ANOVA and independent t-test. One-way ANOVA can only be performed if three variables are available. But the present study has only two variables, i.e., weekday and weekend data. Hence independent t-test is performed by comparing the means of weekday and weekend values. Using IBM-SPSS Statistics software (Version 23), the mean difference, lower and upper bound values with 95% confidence interval and significance (P value) are estimated.
The results of this test are presented in Table 3 . It is observed that S2 and S6 points have marginal mean difference whereas other sampling points are observed between 1.61-2.16. However, the P value in all six places is found to be less than 0.05. This shows there is a significant difference between weekday and weekend noise levels, and it is mainly due to weekday and weekend variation in traffic.
Noise Descriptors
The average of all noise descriptors is plotted and presented in Figure 3 . Station S5 has the highest values of LAFmax and LAF min in both weekday and weekend. Likewise, the lowest LAFmax and LAF min are recorded in S3. Highest LAFmax and lowest LAF min values are recorded in S5 (101.25 dB(A)) and S3 (48.29 dB(A)), respectively. It is surprising to note that even LAF min has violated the Indian standards in places like silent zone (S1) and commercial zone (S4). In the evenings of weekday, the S1, S2, and S3 stations are found to have a maximum LAFmax. Other stations are found to have maximum LAFmax during morning (S6) and afternoon (S4 and S5). With respect to LAF min , all the places are observed to have maximum levels during evening. The highest LAFmax (101.69 dB(A)) and LAF min (69.33 dB(A)) are recorded respectively in S6 during afternoon and evening. In case of weekend, most of the sampling stations (S3, S4 and S6) are found to have maximum LAFmax in evening and few in afternoon (S1, S5) and morning (S2). The highest LAFmax (99.05 dB(A)) and LAF min (66.89 dB(A)) are observed in S5 and S4, respectively. Present study results are comparable with earlier reported values of hourly LAFmax (78.6-102.4 dB(A)) in Sanandaj, Iran [39] .
Statistical noise levels such as L 10 , L 50 , L 90 , and L 99 are also assessed in six sampling locations. Maximum statistical noise levels in weekday and weekend are observed in S5 whereas minimum levels are recorded in S3 sampling point. The L 10 values in present study (considering weekday and weekend) range from 62.41-82.84 dB(A). A study in Kota city of Rajasthan district, India has reported the L 10 values between 52 and 77.9 dB(A) [49] . Another study at Angul city, India reported variation of L 10 from 91.6 to 95.6 dB(A) [2] . The average L 90 value in weekday and weekend are 63.80 and 63.66 dB(A), respectively. Similar values are reported earlier at Al-Samawah City, Iraq where L 90 values in silent, commercial and industrial zones are exceeding 60 dB(A) [47] . The range of L 50 in present study is found to be 56.69-77.12 dB(A). Earlier study in Jaipur showed L 50 values between 68.60 and 77.90 dB(A) [1] . In weekday, most of sampling points (S1, S3, S5 and S6) have maximum statistical noise levels during evening time. But during weekend the maximum levels are recorded in morning (S4 and S6), afternoon (S1 and S2) and evening (S3 and S5). Recent studies at various cities of India and Bosnia showed the maximum levels during different times of the day viz., morning, afternoon and evening [18, 29, 54] .
Estimated NC, TNI and Lnp values during different time of the day are presented in Table 4 . The mean NC in weekday and weekend are calculated as 10.23 and 10.50 dB(A), respectively. The peak NC is observed during weekday morning and weekend evening at S6 location. In weekday, the lower NC values (< 9) are recorded in afternoon (S1) and evening (S2, S3 and S4), whereas in weekend it is observed in morning (S1), afternoon (S4), and evening (S2 and S4). NC from 5.8 to 30 are recorded in previous studies [43, 55] . TNI has the range of 58.03-88.84 dB(A) during weekday whereas, in weekend, these values are between 64.6-87.3 dB(A), respectively. This high TNI may result from overcrowded roads and minimal traffic management. Peak TNI values in morning, afternoon, and evening at sampling point S6 in both weekday and weekend. The 
CoRTN Results
Predicted results at each sampling points are given in Table 5 . CoRTN model performs well with all the measured data sets of study region, particularly on S4 weekend. In S1, the maximum differences between the measured and predicted values are 3.8 dB(A) in the weekday and 4.5 dB(A) in the weekend. Thus, results confirm that CoRTN model performs well in S2 (only weekday), S4, S5, and S6 locations with a marginal difference. However, in S1 the difference between predicted and measured noise levels varied from 3.6 to 3.8 dB(A) in weekday and 2.8-4.5 dB(A) in weekend. In the case of S2 weekend, the difference is recorded between 3.2 and 4.2 dB(A). CoRTN performed well with weekday than weekend data. An average of 1.77 dB(A) difference is seen in weekday whereas 1.89 dB(A) in weekend. The CoRTN is assessed for the performance in morning, afternoon and evening data. It is found that weekday-afternoon has the best performance by having the lowest difference values of 0.18 dB(A) (S5) and 0.45 dB(A) (S2 and S3). Similarly the weekend-evening has the lowest difference values of 0.01 dB(A) (S4) and 0.04 dB(A) (S5). Overall the CoRTN model has performed well in the study region. The predicted values in Sao Paulo, Brazil ranges from 70 to 81.1 dB(A) with a difference of 0.8 to 3.5 dB(A) [42] . Previous studies have shown a difference of 3.1 dB(A) using Sound-PLAN software [26] . Also the average difference of measured and predicted noise levels in Santiago, Chile showed a range between 1.5-3.1 dB(A) [53] . Noise prediction in different road categories recorded a difference from 1.9 to 4.9 dB(A) [9] .
Noise Mapping
Using Inverse Distance Weighting (IDW) the noise maps are created separately for different time periods of weekday and weekend. IDW is used for interpolating the known set of point values. The unknown point values are calculated based on the weighted average of known point values. Noise maps created after interpolation is presented in Figure 4 . All created maps are assigned with same symbology for comparison and discussion. From Figure 4 , it is clear that both weekday and weekend are covered largely by 66-70 dB(A). Sampling sites S1, S2, and S6 are observed to have range of 64-70 dB(A) in weekday and weekend. In weekday, 74-80 dB(A) range is dominantly located near S4 and S5. Areas around S4 and S5 are observed to have high noise level in weekday (74-80 dB(A)) and weekend (72-76 dB(A)). Hence necessary noise abatement actions should be taken immediately.
Conclusion
Noise pollution in urban area is inevitable. Thus, it is crucial to assess noise levels in urban areas. Vellore is a fastgrowing city located in the state of Tamil Nadu, India. This study aims to measure Leq, LAF min , LAFmax, L 10 , L 50 , L 90 , and L 99 in important places of Vellore city. Sampling is taken in morning, afternoon and evening time on both weekday and weekend. Results showed that except the study site S3, all other sites are observed to have Leq values higher than 65 dB(A). As S3 site has nil traffic flow CoRTN model is utilized in the present study for predicting L 10 . Average difference between predicted and measured values is found to be 1.77 dB(A) in weekday and 1.89 dB(A) in weekend. Further noise maps for weekday and weekend are created in ArcGIS software using the average values recorded in six places. It is found that most of the places the noise levels are exceeding the stipulated Indian noise standards. In India, the lowest noise limits are set to 45 dB(A). But a recent study by WHO stated that noise level greater than 40 dB(A) could cause notable health effects [63] . In India, the noise rule is enforced in the year 2000, and after that, no amendments are made by the Central Pollution Control Board. Hence this study has highlighted the urgent need of revising the noise guidelines and standard for healthier living in the urban area of India.
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